. Word pronunciation-based instruments perform well in English but have failed adaptation to languages with very high letter to sound correspondence (such as Spanish, Portuguese and Korean) because they are unable to discriminate between health literacy and ability to read [12, 16, 20] . METER is based on word/ non-word recognition and is open-use, very brief, and selfadministered, which means it can be added to a form or questionnaire without increasing participant burden considerably. We aimed to culturally adapt and validate METER in the Portuguese population, and to define cut-off values for adequate health literacy.
Methods

Original instrument
METER is an English language open use instrument based on REALM, consisting of a list of 40 medical words and 30 made-up non-words that intuitively sound like real medical terms. It is selfadministered and it takes on average two minutes to complete. The participants are requested to mark only the words they are sure to be actual words. The score is calculated as the sum of all the correct words marked. The original METER performance cut-off points defined by the authors were 0-20 for low, 21-34 for marginal and 35-40 for functional health literacy levels [10] .
Cross-cultural adaptation
We used the standard procedure for word adaptation [21] . An expert committee (with backgrounds in Family Medicine, Internal Medicine, Pharmacy, Psychology, and Sociology) ensured conceptual and item equivalence. Afterwards, two native Portuguese speakers proficiently fluent in English translated METER independently and merged the translations into a single Portuguese version. Next, two native English speakers, proficient in Portuguese, independently back-translated this version. They were unaware of the purpose of the instrument and had not seen the original version. The translators arrived at a consensus backtranslated version, which was then revised and compared to the original by the committee, resolving any discrepancies between the two versions.
For the non-words, we surveyed 25 health professionals to identify common misspellings and build up constructions based on real medical terms, 30 of which were selected by the research team for inclusion in the instrument. The selection criteria were to avoid redundancy and to maximize diversity of conceptual areas.
This version was pre-tested in a small group of six lay people and the instructions wording was adjusted for the sake of clarity.
Sample and recruitment
The adapted version of the test was administered to a convenience sample of 249 people from several heterogeneous groups: physicians (from public hospitals and primary care health centers), health researchers (from a research institute), researchers from areas unrelated to health (from an engineering faculty), and general population (from a primary care health center). In the absence of prevalence data of inadequate health literacy in this population, the sample size was estimated based on other validation studies [8, 11, 12] . To assess construct validity we assumed that physicians would score highest on health literacy tests, followed by health researchers, people with a similar academic degree in areas unrelated to health, and by people with progressively lower levels of education attainment.
Eligibility criteria for the participants were age over 18 years and ability to speak and read Portuguese. Potential participants with impaired vision were excluded. The instrument was readministered to a convenience group (45 health researchers) after a three-month interval to assess test-retest reliability. This rather long test-retest interval of time aimed to reduce mnesic/learning bias.
The present investigation was carried out in accordance with the Code of Ethics of the Declaration of Helsinki and approved by the Ethics Committee of Centro Hospitalar de São João and the National Committee for Data Protection. Each participant provided written informed consent.
Cut-off definition
In the absence of a gold standard, cut-offs were defined using the modified Angoff procedure, a content-procedure method extensively applied for establishing absolute assessment criteria [22] . It is based on expert judgment of minimal competence of marginally competent individuals: a panel of judges trained in the use of the method discusses and agrees on the characteristics of a examinee scoring ''borderline'' for adequate health literacy and independently classifies each item according to the question ''Can a person with minimal competence answer the item correctly?'', given a three-choice option of ''yes'', ''no'' or ''don't know''. An average of the scores of the judges is calculated to provide a passing score (the cut-off). The judges are allowed to review and discuss the initial scores and are given the option to independently alter their own classification if they wish to; this strategy usually does not change cut-offs meaningfully but reduces variability between judges [23] . The panel comprised six health literacy experts (with backgrounds in Family Medicine, Internal Medicine, Pharmacy, Psychology, and Sociology).
We used this method to dichotomize health literacy levels into adequate or inadequate in order to help guide decisions to tailor patient education and communication interventions to the patients' needs, both in future research and clinical practice.
Statistical analysis
Exploratory factor analysis was performed on the 70 items to evaluate homogeneity (i.e., to confirm there was a single latent variable measuring word recognition) and Cronbach's alpha was used to measure internal consistency. An item was considered to load in a determined factor when it showed an absolute factor loading higher than 0.4.
Physicians were excluded from these analyses, since they are not targets of the instrument. The global goodness of fit of the underlying model was evaluated using the comparative fit index (CFI), recommended for sample sizes below 250 [24] .
Logistic regression was used to compare the prevalence of adequate health literacy across validation groups, adjusting for age.
Test-retest reliability was assessed using the standard error of measurement and respective two-way mixed intra-class correlation coefficient single-measure (ICC).
Exploratory factor analysis models were fitted using MPlus (V.5.2; Muthen & Muthen, Los Angeles, California, USA). All other statistical analyses were performed using Stata version 11.1 for Windows (StataCorp LP, College Station, TX).
Results
Demographic characteristics of the sample by validation group are summarized in Table 1 . Women made up the majority of respondents in all validation groups (56.6%), except for the group of researchers in areas unrelated to health (12.0%). Less educated people were older.
Exploratory factor analysis
The scree plot curve inflected at the second component, revealing two underlying dimensions of the instrument (Fig. 1) . Exploratory factor analysis confirmed these two dimensions, with almost all the items representing real words being included in the first dimension, and all the non-words in the second ( Table 2 ). The CFI of the model improved from 0.83 in the uni-dimensional model to 0.93 with the two dimensions. Fig. 2 depicts the plot of the percentage of correctly marked words against the percentage of non-words that were correctly not selected. The former ranged from 15 to 100%, whereas the latter from 45 to 100%. These two dimensions were poorly correlated (r = 0.22) and three patterns emerged, visually: a group of people scoring over two-thirds in both; a group scoring lower in the identification of real words and a group scoring lower in nonwords. No one correctly identified less than two-thirds of both words and non-words.
Reliability
METER showed a high degree of reliability, with a Cronbach's alpha of 0.92 for the first dimension and 0.83 for the second. In the retest study after three months, the standard error of measurement was 1.54 for the words (ICC 0.49) and 0.82 for the non-words (ICC 0.61).
Cut-off definition
The final cut-offs defined by the judging panel using the Angoff method were 35 correct answers in the words subscale and 18 correct answers in the non-words subscale. The review, discussion and experts' independent adjustment of the initial scores kept cutoffs roughly unchanged (the cut-off for non-words increased by one point in the second round and the cut-off for words remained constant) and reduced the variability between judges (the standard deviations decreased from 3.45 to 1.21 and from 2.71 to 1.50, for non-words and words, respectively).
We used these cut-offs to categorize health literacy as inadequate or adequate; adequate was defined as scoring at least the cut-off value in both words and non-words, i.e. !35/40 and !18/30, respectively.
Validity
Physicians scored higher than any other group, followed by health researchers, non-health researchers and by people with progressively lower levels of education (Fig. 3) . The age-adjusted prevalence of adequate health literacy increased consistently across validation groups (OR = 2.79 for physicians, compared to people with education attainment below the fourth grade; p for trend <0.001).
Discussion and conclusion
Discussion
We culturally adapted a health literacy instrument that is brief and simple, and showed it was valid and reliable. This instrument can be used to assess health literacy levels and to sort between adequate and inadequate health literacy. We propose that words and non-words should be treated as different sub-scales with separate scoring.
Exploratory factor analysis revealed two dimensions of the instrument, one for words and another for non-words, implying that some individuals scored high in one dimension and low in the other. Because of the design of the original instrument, in which the participants are required to mark only the words they are sure to be actual words and not individually mark each item as true or false, the non-word items likely measure more than merely word recognition. The results suggest that this dimension also measures risk aversion, i.e. individuals more averse to error mark less words and non-words, thus scoring lower in the words sub-scale and higher in the non-word subscale; the opposite applies to less cautious individuals. The fact that no one scored very low in both dimensions supports this interpretation. With the original scoring instructions (total score as the sum of all the correct words marked), in the unlikely event that a participant marked all of the items, he/she would achieve the maximum score, even though that would not correspond to adequate health literacy. Therefore, scoring the two dimensions independently and then combining the performance on both sub-scales will reduce the misclassification of individuals with inadequate health literacy.
The rare exceptions to the perfect correspondence between words and non-words and each of the two dimensions were items 4 (a word that could fit in either dimension), item 37 (a non-word that could fit in either dimension), and item 47 (a word that does not fit in either dimension). Only one individual neglected to correctly mark item 4 as a word, and this might have misestimated the correlation due to ceiling effects, loading the item in both dimensions. Item 37 is one of the good examples of the effect of the small but significant correlation between the first and second dimensions -several items partially cross-loaded in both (as can be observed by the small factor loading differences between factors one and two). Item 47 is ''impetigo'', a contagious skin infection which causes sores and blisters, and relatively unfamiliar to lay people. Very few non-physicians correctly selected this word and this could explain why it does not fit in either dimension; it seems to be almost exclusively recognized by health professionals. Our finding is consistent with the word frequency effect in word recognition, in which low frequency words are less often recognized as words [25] . The instrument had a high internal consistency (Cronbach's alpha ! 0.80) in both domains, similar to that of the original instrument (Cronbach's alpha = 0.93) [10] and of other health literacy tests [13, 14] .
The test-retest reliability was only reasonably acceptable as it is context-specific and depends on how much participants differ from each other. Even if the variability between the results in the two trials is negligible, the ICC will be small if the retest group is homogenous [26] , as was the case in the group of health researchers, which is a limitation of this study.
The cut-off for the non-words could be underestimated by the Angoff method because the way it is done does not reflect the instrument's instructions, previously mentioned. It may have been hard for the judges to keep coming back to the concept that the test score default for non-words is inaction and that this corresponds to maximum score. Answering ''yes/no/don't know'' to the question of whether a minimally competent individual would answer the question correctly is more suitable to items with a true/false format. Despite the good performance of the final version of the instrument in discriminating the several validation groups, further studies comparing the performance of the non-word subscale with that of other health literacy tests are needed.
Different health literacy assessment instruments categorize health literacy scores into a variable number of categories in addition to providing a continuous score [27] . We decided to dichotomize the scores into adequate and inadequate instead of maintaining the three categories of the original instrument to simplify the decision-making regarding health education interventions for patients with inadequate health literacy, both in research and clinical settings.
Some validation studies of health literacy instruments have used concurrent validation, that is, through the comparison with an existing instrument. This is a controversial option given the multiple proposed definitions of the underlying construct [28] and the diverse and restrictive scope of the instruments [27] . There is just no way to tell which one better represents health literacy. Our strategy assumed that health literacy should be higher in physicians, followed by health researchers, people with a similar academic degree in areas non-related to health and by people with progressively lower levels of education attainment. The data confirm this hypothesis and this suggests that the instrument measures more than educational attainment, but we cannot exclude the possibility of it not measuring more than the ability to recognize medical jargon-only one of the aspects of health literacy. Furthermore, METER and other word recognition tests do not directly address the individual ability of accessing, understanding, processing and communicating information that is included in the health literacy construct; vocabulary knowledge plays only a small part in these competencies. However, the score in these instruments is associated with other clinically relevant health measures and may be used to screen for individuals who could use more help in understanding and acting on health information. The comparison with the performance of other health literacy instruments may shed some light on this issue by exploring the need to use multiple instruments simultaneously to assess health literacy.
Conclusion
We culturally adapted and validated METER in the Portuguese population and defined cut-off values for adequate health literacy. This instrument distinctly differentiates individuals based on educational attainment and health-related occupation, in spite of measuring only vocabulary knowledge-a small part of the health literacy construct. Future studies should reveal how it performs when used together with health literacy instruments not based on word recognition. 
Practice implications
The Portuguese version of METER can be used to assess health literacy in Portuguese adults and to explore associations with health outcomes. Further studies are needed to determine the usefulness of this instrument as a screening tool and decision-aid in clinical settings, either used on its own or in combination with other health literacy assessment tests.
Measuring the health literacy of Portuguese adults can highlight the issue of inadequate health literacy in the national political agenda, and raise awareness by the general population. In turn, this could indirectly promote system changes to improve the communication of health information, namely by encouraging strategies that enhance comprehension by health consumers. These strategies will benefit not only those with inadequate health literacy but potentially everybody.
